This paper explores children's cognitive outcomes using novel panel data from India for children 6 months through 8 years. For the first time in a developing country, this allow us to estimate a value-added model of cognitive development at a very young age. We look at the nutrition-cognition link and at the relationship between caste and test scores. We use an instrumental variable approach and find that a 1 standard deviation increase in height-for-age at the age of 5 leads to cognitive test scores that are about a 16 per cent of a SD higher at age 8. Our analysis suggests that the differences in income levels between castes found in adulthood arise early in childhood. After controlling for a wide range of controls; upper caste children show a substantial advantage in vocabulary tests, but most importantly, they show a more pronounced gender inequality than their lower caste counterparts. Compensating low caste children with the average nutritional status of their upper caste counterparts would close around one fifth of the caste cognitive differentials. We also show that UC families discriminate more against girls. Using a sub-sample of the data with the siblings' birthweight in a unique way, we find that family fixed effects explain 1 SD of the overall nutrition-cognition effect. JEL Classification Codes: J13, J15, J24
Introduction and Literature Review
The process of skill formation in early childhood is receiving increasing attention in both research and policy circles in developed and developing countries (UNESCO, 2008; Almond and Currie, 2010; Engle et al., 2007 , Engle et al., 2011 . Presumably, one of the main drivers of this interest is the notion that investment during early childhood can have significant large returns for human capital development (Heckman 1995) .
The scientific basis for this claim rests upon different strands of literature. First, an emerging empirical literature finds positive average impacts for programs aimed at improving nutrition, psychosocial and educational inputs during early childhood on a range of short-and long-term outcomes (Nores and Barnett, 2010; Engle et al., 2011) . Second, biological research has demonstrated that the human brain experiences most of its growth during early childhood, reaching 90 percent of its adult size in the first five years of life suggesting a critical short window to ensure adequate inputs (Shonkoff and Phillips, 2000) . Third, evidence from developmental psychology suggests that measures of cognitive skills are set early on in life (Sameroff et al., 1993) .
Though a general consensus may be arising regarding the critical nature of early life (particularly for cognitive skills 1 ) and the case for early investments, significant uncertainties prevail regarding what type of interventions are more effective and under which contexts; particularly so for developing countries.
An additional motivation for research on a developing country comes from the well-known evidence on the extent of inappropriate early nutrition (Engle et al, 2011; Walker et al, 2011) . Specifically, India is placed 1st in the world-wide rankings of malnutrition (Arnold et al, 2009 ) with 48% of the children under five exhibiting stunting, according to the Indian National Family Health Survey . This is 20 times as high as would be expected in a healthy, wellnourished population (according to the international child growth standards).
Probably due to the lack of data on cognitive skills for most developing countries not much research exists neither on the link between nutrition and cognition nor on the socioeconomic status (SES hereafter) "gradients" in cognitive skills; when they arise, whom they affect and how they evolve as children age.
2 3 Indeed, investments in nutrition have been shown to be one of the most important predictors of later cognitive development in developing countries, however this evidence comes mostly from only one influential long-term longitudinal study in Guatemala (Victora et al. (2008) ).
4 Moreover, the most important shortcoming is the very small sample size (a highly nutritious drink was randomly assigned to two villages and a placebo drink to other two villages).
1 See Heckman, Stixrud and Urzua (2006) on the importance of non-cognitive skills. 2 Disparities in cognitive skills between socio-economic groups in developed countries is well-documented (Carneiro, Cunha, and Heckman 2003 , Heckman 2005 , Cunha and Heckman 2007 .
3 Fernald et al (2011) and Naudeau et al (2011) use single cross-sections of data from low-income countries, while related research from Ecuador (Paxson and Schady 2007, 2011) showed substantial differences in cognitive development at young ages between children of high and low socioeconomic status; and those differences seem to persist as children age. A caveat of the latter is that the analysis included only households in the poorest half of the nationwide distribution of wealth, was limited to relatively young families, and only covered rural areas; with two survey measurements only 2 years apart.
4 There is also evidence of long-run effects of this intervention in Guatemala three-four decades later or on the next generation (e.g., Hoddinott et al. 2008 , Maluccio et al 2009 , Martorell et al 2010 .
Divisions by SES in India, are defined according to whether a household belongs to a certain caste. Gang et al (2008) find that differences in educational attainment explain about 25 per cent of the poverty gap between both the Scheduled Caste and Schedule Tribe (the so called Lower Caste) and nonScheduled-Hindu households (for further information on castes, see Appendix 1). For that reason, in the recent past, the government of India has introduced a range of policy interventions targeting social groups like Scheduled Castes (SCs) and Scheduled Tribes (STs). Some evidence shows that these interventions have been successful in boosting primary attendance and completion (Jenkins and Barr 2006) , particularly for STs. The key question is whether these interventions happened early enough in the life cycle for them to be successful. And indeed, most of the existing studies on determinants of school participation and attainment in India today acknowledge socio-religious differences already for primary school-age children (Dreze and Kingdon 2001 , Kingdon 2002 , Dostie and Jayaraman 2006 , Bhalotra and Zamora 2010 , Asadullah, Kambhampati, and Lopez Boo 2009 . In these studies, low attendance and completion of lower castes (LCs) is explained by a range of factors including rural infrastructure, conditions in the local village economy, the functioning and size of the relevant labour market, household credit-constraints, sex discrimination, and the poor quality and inadequate supply of schools. However, none investigates the extent and nature of caste gaps before age 7 nor the effects of early childhood conditions on the process of skill formation by caste at an early age.
The objective of this paper is therefore to fill an important gap in the literature by investigating the determinants of a child's development of cognitive skills over two phases of childhood: pre-school and school ages. To the best of our knowledge, this is the first study using panel data to assess: firstly, a value-added production function of cognitive skills, second; the causal relation between nutrition (height-for-age) and cognition (receptive vocabulary scores as measured by the PPVT) at early ages in India; and third, the existence and magnitude of socio-economic gradients in early childhood in cognition outcomes; and how they are mediated by nutrition and family income. For that, we will exploit the novel measures of anthropometrics, cognitive outcomes and other rich measures provided in the Young Lives longitudinal data (YL hereafter).
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This data consists of two cohorts of children (the 'Younger' and the 'Older') surveyed over three rounds four years apart (Round 1 in 2002 , Round 2 in 2006 and Round 3 in 2010 . We use the Younger Cohort that spans data from 6 months to 8 years of age.
In this context, the closest empirical studies to ours are Sanchez (2009) and Outes et al (2010) . Both document a causal relation between nutrition and cognition in Peru. The first paper uses maternal height and exposure to low temperatures during the first months of life as instrumental variables (IV) and finds that one standard deviation increase in HAZ at age 1 causes a 37% increase in PPVT at age 5 in Peruvian highlanders.
6 The second study does a withinsibling investigation combined with IV; and finds an average effect of around 20% using the same data as Sanchez (2009) , but this time complemented with the siblings data. Helmers and Patnam (2011) also investigate early childhood development in India, but they do not focus on caste differentials nor nutrition. They rather demonstrate that parental investment has contemporaneously positive effects on skill levels for all age groups; and that child health at age one influences cognitive abilities at age five, but there is no quantification of the effects.
Furthermore, the methodology used here allows us to go beyond previous empirical studies. We follow the spirit of Todd and Wolpin (2007) and Cunha and Heckman (2007) who model cognitive skills as a function of the child's innate genetic ability and the cumulative effect of present and past home and school investments. This structural production function analysis makes considerable progress in sorting out the causal relationship between nutrition and cognitive outcomes. The challenge in estimating this relationship is that of other inputs being missing. Yet another problem is that unobserved child, parents or household-specific factors may affect both nutrition and cognitive outcomes, which may lead to a correlation even though no causation exists.
Unlike previous research, we attempt to take into account all of these issues in the following way: firstly, the contribution of all unobserved previous inputs and past endowments is resolved with our value-added specification; second; the endogeneity of nutritional status, as measured by height-for-age (HAZ hereafter) will be explicitly considered. We argue that since one important indicator of child malnutrition (HAZ at age one) is established well before the age at which the tests were given, the identification problem is ameliorated (although not completely solved). Thirdly, and following Aaronson (1998) , we exploit in a novel way a sub-sample of children with information on the birthweight of their siblings in order to perform a robustness check to account for family fixed effects .
We find strong evidence that better cognitive outcomes are related to a better nutritional status in early childhood, evidence which survives an important robustness check in which we find that family fixed effects only explain 1 SD of the overall nutrition-cognition effect. Past test scores are an important determinant of current test scores, which supports the self-productivity effects present in Cunha and Heckman (2008) . Moreover, we claim that our estimates are the more robust so far in the literature for the early ages given the novelty of the longitudinal data and the estimation of the unrestricted valued added model.
Using a specification that incorporates these features, we find that the predicted PPVT score gaps (by gender) would be reduced by 21 percent (0.09 points or 9 percent of a standard deviation) if we compensate LC children with low HAZ with the average level of HAZ observed for UC children. It is interesting to note that the gap between UC and LC for boys is closed by relatively less when equalizing HAZ (0.09 points; or one sixth of the gap). While for girls about one-third of the gap (very similar in absolute terms: 0.087 points) would be closed by leveling nutritional status. For the income equalization, figures are much lower. Our simulations show evidence of pro-male discrimination in both castes. However, as UC families seem to be discriminating more against their girls (gender gap in the PPVT at age 8 is 41 percent of one standard deviation for UC, while it is 13 percent for the LC), any policy directed to level the playing field in nutrition or other inputs will have to take into account this discriminatory parental behavior and direct more resources to girls in UC homes and to boys in LC homes.
What type of interventions can be effective in India then? It seems that nutritional interventions (acting on HAZ) as well as stimulation interventions (acting on the PPVT at age 5) could be promising given the magnitudes of the effects found in this paper. However, differential policies towards LC children are needed as well as policies that acknowledge differential treatment of boys vis a vis girls. This paper proceeds as follows. The second section describes the methodology for modeling the production function and considers its empirical application and challenges. The third section gives details on the data and variables used, while the fourth section presents descriptive statistics. The fifth section shows estimates of the cognitive skills production function, and we use the estimated production function to evaluate caste disparities in test scores. The last section concludes.
Methodology

Economic Framework
As a guide to our empirical analysis, we set up a model of household production and time allocation. The model follows the spirit of Todd and Wolpin (2003) and Cunha and Heckman (2007) , but we focus on the choice of parental investment to produce child's human capital as well as child's nutrition. We assume that parents maximize utility derived from consumption (c), leisure (l) and their child's cognitive skills (θ our measure of the child's human capital)by choosing how many hours to work (h), the family nutrition inputs (ih), and family inputs for the production of achievement (i) :
subject to: a production function of cognitive skills (θ t ) that depends on the stock of cognitive skills at the beginning of the period (θ t−1 ),parental investment, i.e. family inputs, (i t ), the child's nutrition status at the beginning of the period (H t ), family's characteristics (X t ), and the child's ability (µ t ):
a production function for next period nutrition status
where ih t , are family nutrition inputs. A time constraint, where h are the total number of hours worked and l is leisure
and a budget constraint.
Given wages and prices, parents choose how much to work in the market, how much to invest in their child's production of cognitive skills and their child's nutrition. We assume that investment in nutrition only affect the child's nutrition status at the end of the period.
Empirical Strategy
Our goal is to estimate equation (2), asses caste differentials and identify the causal relation between nutrition and cognition in early childhood in India.
In doing so, we start by taking a step backward and estimate a contemporaneous version of the production function of cognitive skills. We will use this specification as a benchmark and focus, when data permitting, in a more rich value-added specification.
The contemporaneous specification
The contemporaneous specification relates cognitive skills with family inputs in period t (i it ), nutrition at the beginning of period t (H it ), other child, family and community factors in period t (X it ), and the child's ability (µ it ). Empirically, we also allow for an additive error, which results in:
The problems of the contemporaneous specification are widely well known. As Todd and Wolpin (2003) point out, this specification would be justified if either only contemporaneous inputs matter for the production of current cognitive skills; or inputs are unchanging over time, so that current inputs capture the entire history of inputs. Additionally, we need to assume that contemporaneous inputs are unrelated to unobserved ability and the additive error (which accounts for omitted -i.e. unobserved-inputs, and measurement error). This last assumption is inconsistent with the model we just specified, or any other economic model of optimizing behavior in the spirit of Becker and Tomes (1986) , where parents care about their child's human capital. Even though, the contemporaneous specification might be informative when very limited data is available; more flexible specifications allows us to estimate the production function under milder assumptions. We now describe a more preferable value-added specification.
The value-added specification
In its most common form, the value-added production function of cognitive skills adds to the contemporaneous specification a relation of current skills to a lagged cognitive skills measure. It can be written as:
Note that if lagged cognitive skills is a sufficient statistic for input histories and unobserved ability, estimating (7) would give us consistent estimates of the production function of cognitive skills. However, we need to assume that the rate of decline (if ς < 1) must be the same for all the inputs, and the impact of ability must be geometrically declining at the same rate as inputs.
Endogeneity of Child Nutritional Status
A common problem in the production function approach to studying child outcomes relates to endogeneity of particular regressors, such as nutrition or home inputs. Particularly, since parental taste for child quality and a child's genetic ability are unobserved, Ordinary Least Squares (OLS) estimations of the nutrition-cognition nexus, as well as the parental investment-cognition nexus are likely to be biased. If child's ability is malleable, µ it represents factors such as innate ability and also motivation and child's effort, which are out of parents' control but are influenced by home environment as well as by genetics (Rosenzweig and Wolpin 1988) . According to our model the level of investments in each period will be responsive to the child's ability. This introduces an endogeneity bias that can be either positive or negative. Consider the case of family inputs: on the one hand, it could happen that parents observing that their child is of high ability expect a higher return to their investment and so invest more in him. In this case it would exist a positive correlation between children's ability and the amount of inputs. On the other it could be that parents who observe that their child is of low ability try to compensate this by investing more inputs. This type of behavior would induce a negative sample correlation between child's ability to learn and the level of inputs.
Another challenge in the estimates arises from the fact that parental preferences might affect the level of investment. For example, parents with a strong preference for child investments will provide their children with inputs that improve both child nutritional status and cognitive skills. This could thus lead to an omitted variable bias and upwardly bias the estimates of the coefficient on nutrition.
Our specifications will include a rich set of controls for family and non-family characteristics to deal with factors that are common across families that could determine investments in their children. The set of controls are age of child, birth order, gender, household size, whether it is a urban area, and geographic region dummies.
To solve the problems in the coefficient of nutritional status we assume, as in the model we described, that nutritional status at the end of the previous period is the one that affects the child's performance in the cognitive test. Thus, the child's motivation and effort in the current period is not correlated with his nutrition achieved last period. Because parental preferences or parental learning about the child's unobserved ability might not be completely captured in last period test score, the coefficients on the investments can be contaminated. For this, we instrument nutritional status at age 5 with nutritional status at age 1. If parents learn as children age, we should expect the relation between the height-for-age at age 1 and the unobserved factors to be weaker.
In addition, for a subsample of children in the third round, the birthweight of one of their siblings was recorded. Birth-weight is a measure of innate endowments and it should not be contaminated by parental investments on the basis of revealed innate ability but it should be correlated, if any, with parental preferences in a similar way as height for age at age 1. As a robustness check, we add the sibling's average birthweight as a regressor. If unobserved family characteristics associated with children's nutrition are sibling invariant, variation within families can be used to identify children's nutritional status influence on children's performance on test scores (see Aaronson, 1998) . Even though, this specification would be preferred, we only have this information for 20% of our total sample. 7 3 Data
General description
We use data from three rounds of the Indian survey of the Young Lives (YL) project.
7 In Round 1, in 2002, 2,000 children aged 6 to 18 months from the so-called 'Younger Cohort' were surveyed. Following up, Round 2 tracked the same children and surveyed them in 2006 at age 5 and Round 3 surveyed them in 2010 at age 8. The attrition rate was only 0.9 per cent, which is very low for a study of this size. In terms of the representativeness, despite a few biases (see Kumra (2008) in a note comparing the YL survey to DHS), it is shown that the YL sample in Andhra Pradesh covers the diversity of children in the country.
The stratified cluster sample is both region and caste representative; and the estimation used in this study incorporates the YL survey design by using regions as the stratification variable and the sentinel sites as the clustering variable. Table 1 shows key variables of interest. A brief introduction to the main variables is given below.
Description of key variables
Cognitive skills
We focus on one test that measures different aspects of cognitive abilities: the Peabody Picture Vocabulary Test (PPVT hereafter) which is a a test of vocabulary recognition that has been widely used as a general measure of cognitive development. It measures vocabulary knowledge. A concern might be related to the effect of the language in which the tests were provided. Actually, the questionnaires and the manuals for the field supervisors were translated into Telugu.
8 But still, it is hard to assume that people responding to a vocabulary test in different languages could be compared. For this reason, the analysis for the PPVT is restricted to the children who answered the PPVT test in Telugu (90 per cent of the 5 year-olds in the Younger Cohort who we will follow in Round 3).
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7 Data is actually from Andhra Pradesh (AP hereafter), which is divided into 23 administrative districts, which are each subdivided into a number of mandals or sentinel sites, dependent upon the size of the district. There are 1,125 mandals and around 27,000 villages in AP. Generally, there are between 20 and 40 villages in a mandal, although in tribal mandals there can be as many as 200 villages. Villages are normally composed of a main village site with a small number (two to five) of associated hamlets. Tribal villages tend to have a large number of dispersed hamlets. AP has three distinct agro-climatic regions: Coastal Andhra, Rayalaseema and Telangana. The sampling scheme adopted for YL was designed to identify interregional variations with the following priorities: (1) a uniform distribution of sample districts across the three regions to ensure full representation; (2) the selection of one poor and one non-poor district from each region; and (3) when selecting poor districts and mandals, consideration was given to issues which might impact upon childhood poverty, including the presence or non-presence of the AP District Poverty Initiative Programme (APDPIP).
8 About 85 per cent of the Andhra Pradesh population identifies Telegu as its mother tongue (the second most commonly spoken language in India), another 7.5 per cent speak Urdu, and about 3 per cent speak Hindi. In the YL data, only 4.2 per cent of children speak a minority language.
9 Throughout the paper we obtained consistent results using this sample as compared to (i) the full sample or (ii) the full sample with inclusion of a statistical control for whether the respondent spoke the language of the test since birth. 
Nutritional status
The rationale for the use of HAZ is that deficit in the height-for-age measure until age 5 corresponds to the inability to reach the genetic potential in terms of height. This is viewed as a longer term measure of deprivation than weightfor-height, which is more sensitive to short-term or seasonal variations in food availability. Height is also said to have a strong relationship with mental function and mortality.
Control variables
Control variables refer to the caregiver, father and home characteristics as well as geographical dummies. Caregiver characteristics are age, caste and education. Father's education and home characteristics such as the wealth index (Filmer and Pritchett 1999) and household size, are also included. The wealth index has three components: housing quality, consumer durables and services. Income is included in an alternative version of the regressions. Geographical dummies included are: Coastal Andhra and Rayalaseema (with Telangana being the base category) and whether the household is located in a urban or rural area.
Descriptive statistics
In Figure 1 we investigate age patterns in the SES gradients in child development in the top panel; while in the two bottom panels we investigate these by gender (UC in the left and LC in the right). We use seven-month moving averages of the PPVT at age 5 and age 8 and we split the sample in two: children in the upper caste and those in the lower caste. These internally-standardized scores suggest that; first, the bulk of the difference between castes is already apparent by age 5 and stands around 0.20 of one SD; second, these gradients that are apparent among 4-5 year old children continue to be apparent as these children enter the first years of primary school in Round 3 and are larger in magnitude (0.4 to 0.6SD) -particularly for UC-suggesting a widening gap; third; there are clear differences by gender that depend on the caste and the age: UC females fare much better than their males counterparts at age 5, but they do fare worse at age 8; while lower caste-females perform worse than lower caste males, regardless of the age. Fourthly; the gender gap for LC is smaller than the gender gap for UC.
In Figure 2 we do the same analysis but for height for age z-scores. These differ from the internally standardized PPVT z-scores, as they are externallystandardized scores, that is, YL use the WHO stands with respect to a reference group of healthy children for the standardization.
10 The deficits are very important: by the time children are 5, lower caste children are 2 SD behind the reference population (which places almost all of them in the category of "stunted")
11 , while the upper caste are 1 to 1.5 SD behind a healthy population. The nutritional status of upper SES children seems to be worsening over time in Round 2, while in round 3, these gaps remain significant but there is neither worsening nor catch up.
When we look at these differences by caste and by gender in both rounds, we see not significant differences by gender for the UC. This is not at all the case for LC, for which girls appear better nourished than boys at almost every age (t-tests available upon request). This finding is probably related to a well-known fact in the demographic literature on male-to-female ratios in child mortality over the first year of life.
12 However, it is surprising that we only find this for the LC. The means and SDs of all relevant variables are presented in Table 2 . The first column presents results for the full sample, the second column for LCs Overall, and based on the analysis of Table 2 and the existing literature, we find that Andhra Pradesh has achieved progress on many indicators since the mid-1990s. It is worth noting that in AP around one out of three children under five are stunted, which is less than the national average of almost 50 %. However, even though LCs and BCs have become wealthier and increasingly urban, significant differences remain based on sector (rural versus urban), caste and region.
On average, in both waves, we have approximately 33 per cent of LC children (20 percent are SC and 13 percent are ST), 52 per cent are BC and 15 per cent are UC. The table shows that in the PPVT, UCs do significantly better at age 5 (17 per cent higher PPVT scores) and age 8 (24 per cent higher PPVT scores) than LCs. The level of stuntedness increased over time for both the UCs and the LCs up to 37 per cent at age 5 (and 32 at age 8), but remained about 20 percentage points lower for UCs (at 18 per cent when they were 1 year-old, and 28 and 22 per cent four and eight years later, respectively).
There is also a remarkable increase in urbanisation rates among LCs, who went from about 10 per cent to 35 per cent. Households are larger in BCs; while LCs are poorer than BCs, who themselves are poorer than UCs (as per the wealth index and also the family income variable). Over time, all castes and cohorts are becoming richer, but as inequality did not decrease substantially, it seems that UCs end up benefiting more from growth.
The UC mothers have around two and three times more years of schooling than BCs and LCs, respectively, averaging a total of about 6 years of education completed in round 2 (the latest available for this variable). For fathers, the differences, though significant, are not so ample: UC fathers have about one (in round 1) to three (in round 2) years more education than BC fathers, and two to four years more than LC. It sees as the UC father did complete some studies over the time from the first to the second survey.
Another important predictor of children's success is parental nutrition, and a good proxy at hand in YL data is caregiver's height: as expected, LC mothers are, on average, 2 cm. shorter and 7 kilos lighter than UC mothers.
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It is also shown that that more UCs than LC go to pre-school, and moreover go to private and NGO-run pre-schools, which are of better quality.
Overall, disparities between castes are particularly important in cognitive tests, nutrition outcomes, wealth, caregivers' and fathers' level of education and some parental inputs. In general, we find a significant advantage amongst 13 There is no consensus in the literature on whether to explicitly treat this category as a separate social group. Jenkins and Barr (2006) and Dreze and Kingdon (2001) consider SC and ST as separate from Backward Castes on the grounds that completion rates are much lower than for other groups. We have therefore separated out this group and explicitly controlled for BC membership in the results section. We have also further split the lower caste group between SC and ST.
14 98.5 per cent of the caregivers are the biological mothers in this sample. 15 In terms of inputs not considered in this paper because they refer to round 1 it is found that that more UCs than LCs: (i) were born in a hospital or with a medically trained person, (ii) had been given iron folate tablets/syrup during the antenatal visits, (iii) had better level of antenatal care (LCs having a low-medium level of care), and (iv) had timely immunisation. UCs in inputs and background, suggesting that these can be one source of the disparities found in cognitive and nutritional outcomes. for results that include wealth instead of income and show no change in the main coefficients Before presenting our estimates of the effect of nutrition on cognition, we present some cross sectional regressions showing, first, case differentials by gender and second, a significant effect of nutrition on cognition. Table 3 presents results for a cross-section regression of PPVT at age 8 on caste dummies, household and child characteristics. These regressions present initial evidence that nutrition status matters for the production of cognition; and that the belonging of a child to a caste changes his chances of having more or less vocabulary according to his gender. Column 1 of the OLS specification shows that (without any controls) being an UC children implies a 42 per cent of 1SD higher PPVT at age 8 than the BC (the base category), while column 2 shows that the interaction with gender matters for SC and UC, with UC boys outperforming UC girls and SCs showing just the opposite trend. If we compare column (2) and column (3), we see these are caste-specific effects regardless of the inclusion of income (whose coefficient is positive and significative albeit small). Column (4) is the OLS specification with the full set of controls, including past level of HAZ. We see that boys outperform girls; older children perform significantly better (a characteristic of the PPVT test); higher order children perform worse and children in households with more integrants perform worse in the PPVT score. Leaving in urban areas promotes the production of cognition. More educated parents and caregivers, as well as richer (or wealthier, see footnote of Table  3 families foster cognition. Caste dummies do not change much and sign and magnitude are as expected, at the exception of the UC dummy that switches sign and magnitude when we add child and household characteristics. The latter is probably due to the fact that, in a contemporaneous model setting, most caste differentials are captured by observables such as mothers education, location and income or wealth. This is consistent with the literature showing that once the children are placed in "more favourable" circumstances (i.e., when parents, especially mothers are literate and when infrastructure facilities are better), inter-caste differences in enrolment rates in school become insignificant (Sachar 2006) .
Results
Contemporaneous specification
In terms of the nutrition coefficient, the effect doubles from 11 per cent of 1SD to 22 per cent of 1SD when nutrition status at age 5 is instrumented with nutrition status at age 1 and mother's height in column (5), and this difference is statistically significant. This result is very close (although in a different age) to Outes-Leon et al.(2010) who exploit within-siblings variation in height-forage measures in Peru to explore its impact over cognitive skills of 5-year old children.
16 In the first stage, nutrition status at age 1 has a positive and significant effect on nutrition status at age 5. The R-squared of the first stage is 0.35 and the F 35.22. for results that include wealth instead of income and show no change in the main coefficients
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Value Added
Tables 4 and 5 summarize our value added results. Table 4 assumes perfect persistence. This restricted value added model is equivalent to estimating a first difference in PPVT. Under the assumption of perfect persistence the outcome variables changes and so does the interpretation of the coefficients in the regression. The outcome variable is now how much further away, or closer, a child is from the sample mean of test scores in a certain round relative to the previous one. We can think of it as of how a child changes their rank in the sample. Therefore the coefficients of the regression measure the contribution of a certain variable in changing the student's rank. Because PPVT scores are bounded by zero, the standardized test scores are also bounded. Hence we should expect that students at the top end of the score distribution do not change their rank much. The power of the regressors reduces significantly as they only explain half of the variation in the change in PPVT compared to explaining the level of PPVT at age 8 (R-sq is 0.12 now as opposed to 0.25 in the contemporaneous specification). Including the change in nutritional status (last column) do not improve the power of the regression. While past HAZ turns not significant, the effect of a change in nutrition from age 5 to age 8 is positive but reduces to 0.03. In this specification, the coefficients on the caste dummies tells whether belonging to a certain caste or tribe make children more likely to move up (or down if negative) the rank of test scores relative to the base category (the BC). The fact that students from the UC do not show an advantage moving up the rank is hence not surprising. UC perform significantly better than BC students and so have less room for improvement.
As Andrabi et al (2011) we refer to ς as the parameter that links PPVT across periods, as persistence. The canonical restricted value-added or gainscore model assumes that ς = 1 (for examples, see Hanushek 2003 ). When ς < 1, the PPVT score exhibits conditional mean reversion. Estimates of the 'treatment' effect, in our case γ (the coefficient on HAZ), that assume ς = 1 will be biased if the baseline achievement of the 'treatment' and control groups differs and persistence is imperfect. This has led many researchers to advocate leaving a lagged measure of cognitive skills on the right-hand side. Both the estimate of persistence ς and the treatment effect γ may remain biased when estimated by standard methods. To address these concerns, we jointly estimate ς and γ in an unrestricted value-added specification in Table 5 .
There are several findings. First, the estimates reject perfect persistence, as the coefficient on lag PPVT is statistically different from one across all specifications. Also, the learning persistence is low; only one-fifth (IV specification) to one-third (OLS in first column) of PPVT persists between age 5 and 8. That is, ς is between 0.21 and 0.35 rather than closer to 1. Still, past test scores for results that include wealth instead of income and show no change in the main coefficients 20 are an important determinant of current test scores, which supports the selfproductivity effects present in Cunha and Heckman (2008) . And this means that gains from nutrition may be much smaller than those obtained by assuming that ς is close to 1. Secondly, the OLS valued-added coefficient on past nutrition status is statistically different and smaller from the OLS in column (4) from Table 3 (the contemporaneous specification). We expected this result as in a contemporaneous specification past nutrition might well have been capturing an unobservable such as ability. However, when nutrition status at age 5 is instrumented with nutrition status at age 1, the effect increases by around 4 standard deviations (from 0.09 in column 4 to 0.16 in column 5); this shows that there there is still some heterogeneity not completely captured by the lagged test score, and that instrumenting is important and necessary. Even though the change in this coefficient is in the same direction as in the cross-sectional specification, as expected, the value added coefficient is significantly lower. Therefore, whereas the contemporaneous IV estimation in Table 3 under-estimates the coefficient on HAZ, and the restricted value-added model in Table 4 suggests that the change in nutrition has only an effect of 0.03, our panel IV estimates suggest a large and significant effect of 0.16 per cent of one standard deviation increase in HAZ.
Third, and related to the above point, the nutrition effect is highly sensitive to the persistence parameter. Since nutrition is an input that could be thought as being continually applied, leading to a large baseline gap in cognitive skills, this is expected. We find that incorrectly assuming perfect persistence significantly understates and occasionally yields the wrong sign for the impact of nutrition on the PPVT.
It is worth commenting caste dummies in relation to the contemporanous specification. Column (1) shows that the introduction of lag PPVT decreases the positive coefficient of the UC from 0.42 to 0.29, and triples the (negative) coefficient of ST from -0.11 to -0.32, therefore increasing the gap between castes (the SC coefficient stays quite similar). The upward bias of the UC coefficient in the contemporaneous specification makes sense as probably this coefficient was capturing unobservables in endowments and inputs (positively correlated with the error term) that are now in our ς coefficient. On the other hand, now that we have a control for past history up to age 5, the ST children show larger disadvantages. This disadvantage decreases substantially (by almost half) when we include the full set of controls in column (4) and in the IV model in column (5). The latter is a worrying finding which means that even when controlling for a wide set of controls, STs are lagging behind. And indeed, recent analysis of data on the distribution of public facilities indicates that areas with SC concentrations have gained in access to several facilities (e.g., schools, health centers), while those with STs and Muslims remain disadvantaged (Banerjee and Somanathan 2007) .
The result from Table 3 in which the UC dummy switches sign and magnitude when we add child and household characteristics remains in the value added specification (column 4), as well as in column (5). In our preferred specification in column 5 we see that UC boys have 15 per cent of 1SD advantage over UC girls, while SC and STs boys show a disadvantage that was not apparent in the unconditional analysis of figure 1.
We follow the education literature and include family income as one of the measures of parental investments. We find that children with family income one standard deviation above the mean (XX vs mean) perform YY% of 1 SD in their test score at age 8. It is also interesting to see that caste differentials are not driven by differentials in parental investments (i.e. if we compare column (2) and column (3), we see no difference at the exception of the interaction of UC with male which turns significant when we include income).
Robustness Check
As we mentioned in Section 2, a problem of our estimates is endogeneity that may arise from parents choosing investments levels for nutritional status and inputs for the production of cognition after observing the child 'quality' and as a response of parental preferences. Fixed effect estimators allow us to control for permanent unobserved factors. Unfortunately only three countries in the younger cohort of the YL data have siblings scores: Ethiopia, Peru and Vietnam. Even though we do not observe all information about the children's siblings, we do observe for a sub-sample their siblings birthweight. As a robustness exercise we run the same set of regressions including the sibling's average birthweight as a regressor. If unobserved family characteristics associated with children's health are sibling invariant, variation within family can be used to identify children's health influence in children's performance on test score (Aaronson, 1998) . Table 6 presents the results for the fixed effects for our preferred IV specification, but now for the current sub-sample of children that do have siblings being sampled (around one quarter of the full sample). Column (1) replicates Column 5 of Table 5 , while column (2) adds sibling's average birthweight. The main result is that our coefficient of interest of lagged HAZ is not significantly different and it is, at most, 1SD higher in the fixed effects specification which is an encouraging result as this means that our main results are not being driven by unobserved family fixed effects, or at least those that are fixed across siblings. 
Caste test score gaps
Using the production function estimates from our preferred IV specification in column (5) in Table 5 , we examine the extent to which differences in HAZ and family income (our proxy for parental inputs) can account for caste disparities in test scores. We examine the fit of the model by comparing the actual values of test score gaps by gender to the gap predicted under the model by caste group. The estimated model captures key features of the data, such as the magnitude of the gap for each of the groups (see columns 1 and 2 in Table 7 ). On average our estimates slightly underestimate the true performance across children of both castes.
The estimated production function coefficients do vary by caste and gender, therefore the gap in the predicted test scores will arise from both "pure" casteeffects (by gender) and by caste differences in various inputs. Given this, in column 3 we examine how the predicted test score gaps vary if we compensate low-HAZ-LC children with the average level of HAZ observed for UC children (i.e., we will assign the average HAZ of an UC boy to each LC boy with HAZ score below the average HAZ of an UC boy; and do the same with girls). It is shown in Table 7 that if HAZ is equalised in this way, then the PPVT test score gap would be reduced by 21 percent (0.09 points, o 9 per cent of a standard deviation). It is interesting to note that the absolute gap between UC and LC for boys is closed by more when equalising HAZ, 0.09. For girls, 0.086 of the gap would be closed by leveling nutritional status. However, the relative gap is closed by more for girls (32.2 per cent vs. 17.3) because their caste-gap is much smaller. Another interesting point is to note the amount of "units of nutrition" we are assigning individually; we are actually giving more to girls in our simulation because many LC girls are doing much, much worse than the average UC girl.
The simulations in column 4 show that once again a similar absolute gap would be close by leveling family income (0.04), but this represents an average reduction of 9.4 and a 7.2 per cent for boys and 15.4 per cent for girls.
These simulations show that while the caste-gap for boys is larger, the amount needed to compensate girls is larger. The latter seems an indication of pro-male discrimination. This is consistent with the findings of some recent papers on India on differential treatment of girls and boys: Rose (2000) and Barcellos et al. (2012) , for example, demonstrate differences in time allocation of mothers in Indian households with and without sons. Jayachandran and Kuziemko (2012) identify gender differences in the duration of breastfeeding of young children. In general, however, literature on gender bias in intra-household allocation often does not find evidence of differential treatment of children. The closest result to ours would be that of Zimmerman who shows that girls' school enrollment is more vulnerable to rainfall shocks than that of boys, with 6-10 year old children driving these effects (Zimmerman, 2011) However, the fact that UC families seem to be discriminating more against their girls (gender gap was shown by gap in the PPVT at age 8 which is 41 percent of one standard deviation for UC, while is only 13 percent for the LC) is a new finding in this extensive literature.
Moreover, it is interesting to note that our results are also partly consistent with those of Sachar, who finds that once the children are placed in "more favourable" circumstances (i.e., when parents, especially mothers are literate 
Conclusions and further research
This paper explores children's cognitive outcomes using novel panel data from India for children 55 through 102 months of age. With a value added specification, we found that a 1 standard deviation increase in height-for-age z-scores at the age of 5 leads to cognitive test scores that are about a 16 per cent of a standard deviation higher at age 8. Our analysis suggests that the differences in income levels between castes found in adulthood arise early in childhood. After controlling for a wide range of controls; upper caste children show a substantial advantage in vocabulary tests, but most importantly, they show a much more pronounced inequality between boys and girls than their lower caste counterparts. Compensating low caste children with the average nutritional status of their upper caste counterparts would close around one fifth of the caste cognitive differentials. That gap would be closed by one third in the case of girls, because their caste gap is smaller, showing that UC families seem to discriminate more against girls than LC families. Using a sub-sample of the data with information about siblings' birthweight in a unique way, we find that family fixed effects explain 1 SD of the overall nutrition-cognition effect and are not driving our results at all. In terms of further research, it might be worth analysing with the Older Cohort data that spans children from 8 to 16 year-olds how our results extrapolate to older ages and to other cognitive tests; and also see how vocabulary is related to later adulthood outcomes such as employment, earnings, marriage market, early pregnancy, etc. Appendix 1: The caste system in Andhra Pradesh
The caste system is still extremely important in India in various spheres, not least politically. The 'Other Castes' (also called 'Upper Castes', as I have defined them here) category comprises mostly of 'forward castes' who traditionally enjoy a more privileged socio-economic status; at the other end of the spectrum, Scheduled Castes (SCs) and Scheduled Tribes (STs) are traditionally disadvantaged communities. SCs are the lowest in the traditional caste structure. They were formerly known as the 'untouchables' and now call themselves Dalit. In rural Andhra Pradesh, SC colonies are located separately, and in most cases away from the main villages. These colonies are named after the caste and even in the official records are often called harijana wada (or Dalit colonies). They have been subjected to discrimination for centuries and therefore had no access to basic services, including education. National legislation aims to prohibit 'untouchability' and discrimination. STs are the indigenous people, living in and dependent on forests. Different groups of tribes live in different parts of Andhra Pradesh and vary in their culture, language and lifestyles. Though a good number of them are mainstreamed and live in plain areas, a considerable proportion continues to live in isolated hilltops and has little access to services. Backward Classes (BCs) are people belonging to a group of castes who are considered to be backward in view of the low level of the caste in the structure. In Andhra Pradesh, the BCs are further divided into four groups (ABCD) and some caste groups are placed in each of these sub-groups. Recently, the High Court has ordered the inclusion of a fifth sub-group, E, and Muslims have been placed into this category.
